The activities of 10 formulations as mycobactericidal agents in Mycobacterium tuberculosis-contaminated suspensions (suspension test) and stainless steel surfaces (carrier test) were investigated with sputum as the organic load. The quaternary ammonium compound, chlorhexidine gluconate, and an iodophor were ineffective in all tests. Ethanol (70%) was effective against M. tuberculosis only in suspension in the absence of sputum. Povidone-iodine was not as efficacious when the test organism was dried on a surface as it was in suspension, and its activity was further reduced in the presence of sputum. Sodium hypochlorite required a higher concentration of available chlorine to achieve an effective level of disinfection than did sodium dichloroisocyanurate. Phenol (5%) was effective under all test conditions, producing at least a 4-loglo reduction in CFU. The undiluted glutaraldehyde-phenate solution was effective against M. tuberculosis and a second test organism, Mycobacterium smegmatis, even in the presence of dried sputum, whereas the diluted solution (1:16) was only effective against M. smegmatis in the suspension test. A solution of 2% glutaraldehyde was effective against M. tuberculosis. This investigation presents tuberculocidal efficacy data generated by methods simulating actual practices of routine disinfection.
The resistance of mycobacteria to disinfectants has been considered intermediate between those of other vegetative bacteria and spores (5, 11, 14, 15, 17) . This is attributed in part to their unusually high cell wall lipid content and the resultant hydrophobicity (5, 11, 14, 15) . Therefore, it is generally believed that agents which can inactivate mycobacteria will also be effective against other types of vegetative bacteria. However, the lack of proper test protocols has rendered the data on the mycobactericidal efficacy of chemical disinfectants unreliable.
Of particular importance is the effectiveness of disinfectants against Mycobacterium tuberculosis. This organism is not usually included in such studies because of problems in the safe manipulation of this pathogen and its slow growth. Mycobacterium smegmatis or Mycobacterium bovis or both are frequently used to examine a disinfectant product for its tuberculocidal activity; M. bovis may be more closely related to M. tuberculosis, but the rapidly growing, lesspathogenic M. smegmatis is easier to work with. Although useful during protocol development and for the generation of efficacy data for M. smegmatis or M. bovis, the results of such studies cannot be safely extrapolated to M. tuberculosis since M. tuberculosis is generally considered the most resistant of these three organisms to disinfectants (5, 11, 17) .
Further, the use of realistic organic loads to simulate actual practices of disinfection is often lacking in tuberculocidal efficacy testing. In sputum, the tubercle bacilli have greater protection from disinfectant action, since the disinfectant formulation must be able to penetrate the organic matter without becoming neutralized. Although it is understood that naturally contaminated sputum (bacteria may be present intracellularly) would ideally represent in-use conditions, the addition of sputum to test protocols is the next best alternative. * Disinfectant tests were carried out in the wells of a 24-well plastic cell culture plate (Falcon; Becton Dickinson Labware, Lincoln Park, N.J.) as previously described (2) . All disinfectants tested were diluted according to the instructions of the manufacturers, with tap water as the diluent; in-use concentrations of disinfectants are shown in Tables 1  and 2 . The sodium hypochlorite and sodium dichloroisocyanurate solutions were diluted to the required concentration of available chlorine as measured by a colorimeter (model DR 100; Hatch, Loveland, Colo.). The 2% glutaraldehyde and the 2 or 2.4% glutaraldehyde-phenate solutions were freshly activated by using the activators provided with the products. A minimal contact time of 1 min was selected for the testing of all disinfectants, except the glutaraldehyde solutions with which longer times (10 and 30 min) were used in accordance with manufacturer efficacy claims for disinfection. An ideal disinfectant is one that produces its effect after a short contact time, and for this reason, a contact time of 1 min was chosen in this study. In all tests, dilution of the reaction mixture (100-fold followed by further 10-fold dilutions) immediately at the end of the contact time was the method used to terminate disinfectant action. This method of neutralization was found to be effective and resulted in no residual disinfectant activity. Normal saline was used as both diluent and eluent for bacteria, and it contained 0.5% Tween 80 to prevent clumping of cells.
Disinfectant efficacy tests were carried out with M. tuberculosis in suspension (suspension test) and dried on stainless steel surfaces (carrier test). Previous studies using this methodology concluded that disinfectants showing low ac- In the suspension test, 0.1 ml of the test inoculum was added to 0.9 ml of disinfectant. Controls for each suspension contained 0.9 ml of the diluent instead of the disinfectant. After the required contact time, 0.1 ml of the reaction mixture was removed and immediately diluted 100-fold in diluent. The sample was subjected to further 10-fold dilutions, up to 10-7. Samples (1 ml) from the dilutions were spread on 7H11 agar (Difco Laboratories, Detroit, Mich.) in duplicate and incubated at 37°C for 4 
RESULTS
Various minimum acceptable log reductions have been suggested; however, for the purpose of discussing the relative efficacy of the formulations tested, it is considered that at least a 3-log1o reduction in CFU of the organism by the test agent is required before a product is regarded as being effective and is given a pass rating (11, 12, 17) . In all tests, control reactions containing no disinfectant resulted in complete recovery of the initial inoculum. However, 10 min of contact with the contaminated carriers was necessary to achieve more than a 3-log1o reduction of bacterial numbers with both of the mycobacteria tested, even in the presence of sputum.
The diluted solution of glutaraldehyde-phenate was effective against M. smegmatis only after 10 min of contact in the suspension test and in the carrier test in the absence of sputum. When M. smegmatis was dried in the presence of sputum, the diluted glutaraldehyde-phenate was ineffective. Both diluted solutions (2 and 2.4%) were ineffective against M. tuberculosis in ail tests.
The 2% glutaraldehyde solution was not affected by the presence of sputum in the test suspension; however, a contact time of 30 min was required to cause a 5-log10 reduction in CFU of M. tuberculosis. Despite the superior activity of undiluted glutaraldehyde-phenate against M. tuberculosis, it was noted that the log1o reduction produced by this product in CFU of M. smegmatis was slightly lower than that we had found previously for 2% glutaraldehyde alone (2) . Therefore, we were interested to know whether this could be due to inherent variations in the test protocol performed at different times or whether it was a real difference in susceptibility. Retesting of 2% glutaraldehyde alone and undiluted glutaraldehyde-phenate in parallel reproduced the slight difference in susceptibility observed.
DISCUSSION
The spread of tuberculosis through the use of improperly disinfected bronchoscopes has been documented (6, 10, 13) . A total of 80% of laboratory-acquired tuberculosis cases have resulted from no obvious cause, and it has been suggested that the use of ineffective chemical disinfectants may be responsible for some of these cases of laboratoryacquired infections (4) .
Quaternary ammonium compounds are good bactericidal agents, and they are widely used for the disinfection of environmental surfaces. However, precleaning of such surfaces is often necessary, because the effectiveness of quaternary ammonium compounds is reduced in the presence of soap and organic matter (8, 16) . The formulation tested in this study proved to be ineffective against M. tuberculosis. Earlier studies have also demonstrated the poor mycobactericidal activities of quaternary ammonium compounds (2, 5, 15, 17) .
The iodophore, containing 0.008% titratable 12, was also ineffective against M. tuberculosis. In our earlier studies (2), this formulation proved to be ineffective against M. smegmatis as well. It should be noted here that the concentration of iodophore tested by us was lower than that used in previous studies; iodophore compounds, tested either undiluted (6) or at concentrations higher than 0.45% (10, 13), were able to inactivate M. tuberculosis on bronchoscopes.
The povidone-iodine solution was highly effective against M. tuberculosis in the suspension test but was unable to inactivate it in the carrier test in the presence of sputum. In contrast, M. smegmatis could be readily inactivated by povidone-iodine in both types of tests (2) . The reports that alcoholic solutions of povidone-iodine have an enhanced mycobactericidal activity have been questioned (10, 13) .
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Chlorhexidine gluconate, a cationic biguanide, is a good bactericidal agent (8) and is commonly used in antiseptic formulations because it is mild and relatively nontoxic. However, it is known to be inhibitory to mycobacteria but is not lethal for them (14, 15) . In this study, it proved to be ineffective against M. tuberculosis. This is in marked contrast to its high efficacy (>6-log1o reduction in CFU) against M. smegmatis (2).
In this study, sodium hypochlorite required a minimum of 10,000 ppm of Av Cl to be effective against M. tuberculosis, as opposed to 6,000 ppm needed for M. smegmatis in our earlier tests (2) . Sodium dichloroisocyanurate, tested with 6,000 ppm of Av Cl, could not reduce the titer of the tubercle bacilli to the required level in the carrier test when sputum was present.
In previous studies with these two chlorine-based disinfectants, it was concluded that sputum has no noticeable effect on sodium dichloroisocyanurate but did cause a slight reduction in the efficacy of sodium hypochlorite (2) . Other investigators (11, 17) have noted that the activities of chlorine donors, such as sodium dichloroisocyanurate, depend on the organic load and the test procedure.
Improper storage of stock or working solutions of sodium hypochlorite accelerates the escape of chlorine and can adversely affect their germicidal potential. Evaporation of chlorine or its neutralization by organic matter can also readily occur when sodium hypochlorite solutions are used in discard containers. Therefore, it is important that such solutions be changed frequently to ensure that the available chlorine in them does not reach a level ineffective for M. tuberculosis and other important pathogens.
Generally, 70% ethanol is considered a good tubercu- (2) . When 5% phenol was tested against M. tuberculosis in sputum, it could reduce the titer by >4 log1o in 1 min in the suspension as well as the carrier test.
The mycobactericidal activities of glutaraldehyde-based disinfectants are critical, because such formulations are routinely used with instruments and heat-sensitive medical devices such as bronchoscopes. The dilution of such products either before or during use has been shown to render them ineffective against important pathogens, such as M. tuberculosis (1, 3, 18) .
In general, M. tuberculosis appears to be more resistant to disinfection than the saprophytic M. smegmatis. This may be due to higher lipid levels in the cells of the tubercle bacillus (5) . However, there are situations, as exemplified by phenol and glutaraldehyde-phenate, in which M. smegmatis proved to be more difficult to inactivate than M. tuberculosis. This suggests that the results of tests to determine the tuberculocidal efficacies of chemical disinfectants by using surrogate organisms must be interpreted with caution.
